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Scientific uses for an XUV (A < 3000 A) spectral flux 
monitor on the Solar Physics Spacelab and the performance 
requirements for these uses are defined for the disciplines 
of solar physics and aeronomy. The study emphasizes solar 
physics uses with particular emphasis on solar flares. It 
is concluded that: 
1. An XUV monitor which meets the needs of solar physics 
will also be very useful for aeronomy. 
2. The observation of solar flares is the scientific use 
of greatest potential. 
3. The measurement of the XUV flux of a significant number 
of flares during a Spacelab mission requires a 
sensitivity of 0.1%. 
Some basic design questions posed by the results of the 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































by the scientific uses and performance requirements. 
There are two main scientific disciplines for which 
observations of the solar XUV spectrum are of fundamental 
importance: solar physics and aeronomy. As solar physics 
is the primary concern of the Solar Physics Spacelab, the 
study concentrates on the scientific uses -and performance 
requirements for solar physics. Uses and requirements for 
aeronomy are also considered, but to a lesser extent and as 
secondary to solar physics. 
The solar physics needs for an XUV monitor are consid-
ered for the following topics. 
1. Calibration of other Solar Physics Spacelab 
instruments which observe in the XUV. 
2. The non-flaring sun, including the relevance of 
XUV measurements to possible variations in the 
solar constant. 
3. Solar flares. 
Since the Solar Physics Spacelab missions will have durations 
of only one week to a month, in terms of complementing and 
supplementing the facility class instruments, it appears 
that the scientific use of greatest potential for an XUV 
monitor is the observation of solar flares. Accordingly, the 
most effort has gone into studying this application. For 
this purpose, a set of 17 flares which were observed both in 
X-rays and Ha and analyzed by Moore and Datlowe (1975) are 


















































































































































































































































































































































































































































































































































































































































































































































determines the electron content of the ionosphere and its 
distribution with height. 
The XUV radiation from even quite small flares (subflares) 
produces a sudden increase in the electron content of the 
ionosphere sufficient to be detected through radio propagation 
effects such as sudden frequency deviations (Donnelly, 1976). 
Observations of the radio propagation effects can be 
combined with models of the ionosphere to estimate the 
increase in electron content and the corresponding amount of 
0 
XUV flux ( < 1027 A) produced by the flare. All such estimates 
of flare XUV flux based on radio measurements of the iono-
sphere are currently uncertain by at least a factor of four 
(Donnelly, 1973). About half of the uncertainty is due to 
lack of knowledge of the shape of the spectrum of the XUV 
burst, while the other half is due to uncertainties in the 
ionosphere models. Hence, direct observations of the incident 
XUV flux to a factor of two or better in a few .broad bands 
spanning the XUV would allow improvements in the ionosphere 
models and in the calibration of the radio measurement s of 
the electron content changes. This in turn would improve the 
accuracy of the measurement of the XUV flux from flares by 
these comparative ly inexpensive radio methods. 
B. SOLAR PHYSICS 
1. Calibration o f Other XUV Experime nts 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































corona transition, corona and active-region corona., In 
general, the shorter the wavelength, the greater the tempera-
ture and height of the source of emission in the solar 
0 
atmosphere. For temperatures above 104 K, essentially all 
of the emission is contained in the XUV spectrum shortward of 
0 
about 2000 A. Thus, with sufficient spectral resolution, 
observations of the XUV spectral irradiance allows the 
radiative output of the entire solar atmosphere to be 
4 0 
measured as a function of temperature above 10 K. Such 
measurements would provide a basic empirical test for models 
of the solar atmosphere, both for quiet regions and for 
active regions. 
The degree of constancy of the solar luminosity is of 
fundamental importance for stellar physics. In addition, 
climatologists and modelers of the earth's atmosphere esti-
mate that a 0.1% change in the solar constant would produce 
significant changes in the climate and weather. A change in 
the solar constant of this magnitude is just at the limit of 
detectability of present radiometers (Zirin et al., 1976) . 
About 1 % of the solar constant is contributed shortward of 
0 0 
3000 A, with only about 0.01% from below 2000 A (see Table 
0 
II). Thus, only the 2000-3000 A range of the XUV can contri-
bute significantly to measurable changes in the total solar 
constant. However, it would still be important to compare 
0 
variations in the observed flux shortward of 2000 A with any 
observed changes in the solar constant, as this could give 
































































































































































































































































































































































































































































































































































































































































































































The electron number density is uncertain by about a factor 
of ten; it may be anywhere from a few times 1010 cm-3 to a 
few times 1011 cm-3 (Hudson and Ohki, 1972; Widing and Cheng, 
1974; Moore and Datlowe, 1975). Consequently, it is 
necessary to measure the total XUV output of the thermal 
flare in order to determine the total thermal energy to 
better than a factor of ten. 
Soft X-ray filtergrams of flares show that the thermal 
X-ray plasma is contained in closed magnetic field arches 
(Svestka, 1976}. This indicates that the thermal X-ray 
plasma cools primarily by radiation and heat conduction 
rather than by expansion. The temperature decay time 
T ( dT )-1 
- dt (3) 
for conduction cooling is given approximately by 
( 4) 
and the corresponding radiative cooling time is 
( 5) 
(Moore and Datlowe, 1975) . Here A (T) 
r 
is the radiative 
cooling coefficient which has been computed by Tucker and 
Koren (1974) (Figure 2) , L is the overall length scale of 
the flare, and K(T) is the thermal conductivity which is 
given to a good approximation by 

































































































































































































































































































































































































































































































































































































































































































































































































































25 A (Figure 3). Therefore, observation of much less energy 
0 
in the XUV spectrum longward of 25 A than shortward would 
show that radiative cooling dominates. On the other hand, 
if the energy radiated from the thermal flare at wavelengths 
0 7 longward of 25 A (from plasmas at temperatures below 10 
0 
K) 
is supplied primarily by heat conduction from the 107 °K 
thermal X-ray plasma, as is quite plausible, then observation 
0 
of much more XUV flux longward of 25 A than shortward would 
mean that conduction cooling dominates. In general, the 
0 
ratio of the XUV flux shortward of 25 A to that longward of 
0 
25 A would be approximately equal to the ratio of the 
radiative cooling to the conduction cooling, i.e. (TT)c/(TT)r • 
Therefore, observation of the XUV spectrum of the thermal 
flare could establish the ratio of radiative cooling to con-
duction cooling, and along with measurements of the temperature 
of the thermal X-ray plasma and of the length scale of the 
flare, would give an estimate of the number density of the 
thermal X-ray plasma (from equation (7)). 
Another unresolved question regarding the thermal fl a re 
is whether (1) there is still substantial heating taking 
place at thermal X-ray maximum, or (2) essentially all of the 
thermal energy is generated during the impulsive rise phase 
of the flare. Observation of the XUV spectrum of the thermal 
flare could also resolve this question. Once n were 
e 






































































































































































































































































































































































































































































































































































































































































































































the XUV emission during the impulsive phase is about equal 
to the energy content of the hard electrons (Kane and 
Donnelly, 1971). This suggests that most of the energy of 
the hard electrons may be immediately radiated away rather 
than going into the thermal X-ray plasma. The ionosphere 
observations determine the XUV flux of the impulsive 
component to within only about a factor of four at best. 
Accuracy of better than a factor of two is necessary to 
resolve the question of whether most of the energy of the 
impulsive hard electrons is immediately radiated away. XUV 
observations of comparable accuracy are required for the 
thermal phase in order to determine the amount of thermal 
energy for comparison with the energy available from the 
hard electrons. 
I I I • PERFORMANCE REQUIREMENTS 
A. NON-FLARING SUN 
1. XUV Spectrum for Medium Activity 
A representative solar spectrum from soft X-rays to 
the near infra-red is given in Figure 4. The XUV portion of 
0 
the spectrum shortward of 1220 A was compiled from observa-
tions taken during medium levels of activity. The 10.7 em 
radio flux level on the various days of observation ranged 
-22 -2 -1 from about 120 to 190 in units of 10 Wm Hz . 10.7 em 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































for the total flux in the 300-1200 A range (Timothy, 1976}. 
0 
The flux in the interval 1750-2050 A may vary by 5% to 10% 
over the solar cycle (Brueckner et al., 1975). Variations 
0 0 0 
of 25% in Lya 1216 A, 5% at 1750 A and 1% at 2950 A were 
observed over a solar rotation during the last solar maximum 
(Heath and Wilcox, 1974). 
The total flux in the XUV spectrum in Figure 4 is given 
in Table II for a division of the spectrum into six wave-
length intervals. The ratio of the flux in each interval to 
6 -2 -1 the solar constant (1.36 x 10 erg em sec ) is also 
given. Less than 0.001% of the solar constant is contributed 
0 
by radiation shortward of 1600 A. 
0 
Longward of 1600 A, the solar UV is almost all continuum 
0 
radiation from the photosphere, whereas shortward of 1600 A, 
the XUV spectrum consists almost entirely of emission lines 
and recombination continua. The two strongest emission lines, 
0 
Lya and He II 304 A, are so strong that they show up as 
individual spikes in Figure 4. (The values of the flux 
0 
density in Figure 4 at Lya and He II 304 A were obtained by 
taking the flux in each of these lines to be distributed over 
0 
an interval of 10 A.) Lya contributes about half of the flux 
0 
in the 1200-1600 A interval, and has more flux than the 
0 
entire XUV spectrum shortward of Lya. He II 304 A has only 
about a tenth of the flux in Lya, but is about five times 
0 
stronger than any other XUV line. The flux in He II 304 A is 
0 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6000 K. Most of the radiation in the 1600-2000 A interval 
is continuum emission from near the temperature minimum, and 
0 
hence is emitted at temperatures below 5000 K. Emission 
0 
lines begin to appear shortward of 2000 A, but they contribute 
0 
no more than 10% of the flux between 1600 and 2000 A, and 
5 0 
are all emitted at temperatures below 10 K. In the 1200-
0 
1600 A interval about half the flux is from Lya, a quarter is 
from other emission lines, and the remaining quarter is 
continuum from the chromosphere down to the temperature 
minimum. Lya and about half of the other line emission comes 
4 0 from temperatures below about 3 x 10 K, and the rest of the 
emission lines are from temperatures below 105 °K. Thus, 
0 
about 90% of the emission in the 1600-2000 A band comes from 
temperatures above the temperature minimum and below 
4 0 3 x 10 K, which corresponds roughly to the chromosphere. 
0 
In the 300-1200 A interval 85% of the emission is from the 
chromosphere-corona transition region between 3 x 104 °K and 
6 0 4 0 
10 K, 5% from hydrogen lines below 3 x 10 K, and about 
6 0 10% from coronal lines above 10 . K. 75% of the emission 
0 6 0 
from 20-300 A is from coronal temperatures, 1-3 x 10 K, 
0 
and about 90 % of the emission from 1-20 A is from active-
region corona at temperatures above 3 x 106 °K. 
The correspondence between the chosen wavelength 
intervals and the characteristic layers and temperature 
ranges in the solar atmosphere is recapitulated in Figure 5. 
In summary, 75 % or more of the flux from each of these 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































absolute accuracies of better than a factor of 2 are 
required. Measurements of this accuracy are also needed for 
modeling of the ionosphere (Donnelly, 1973}. 
The measurements of changes in the flux levels on a 
time scale of hours to a month (to measure the global effects 
of active regions, extended old plage and coronal holes) are 
as important as absolute measurements. The limit of such 
measurements is set by the stability of the detector. A 
reasonable performance requirement is that the monitor should 
be able to easily measure previously observed amounts of 
variation. From the observed variabilities summarized in 
the discussion of the XUV spectrum in Figure 4, it would be 
desireable to be able to detect the following levels of 
0 0 0 
variability: 1-20 A, 50%: 20-300 A, 20%: 300-1200 A, 10%: 
0 0 0 
1200-1600 A, 1-5%: 1600-2000 A, 1%; 2000-3000 A, <1%. 
Relative measurements of these accuracies would be useful for 
improving models of the ionosphere and stratosphere. In 
particular, the stability requirement of <1% for the 2000-
0 
3000 A range would be more than adequate for detection of 
the smallest changes (<10%} which can significantly affect 
current models of the stratosphere, and for detection of a 
0.1% change in the solar constant. 
B. FLARES 
1. Flare Size 


















































































































































































































































































































































































































































































































































































































































































































































































































































































0 0 0 
these were also observed in the 0-3 A, 1-8 A and 8-20 A bands 
0 
by SOLRAD-9. At the time of the 1.9-2.5 A flux maximum in 
these flares, the minimum, median and maximum values of the 
-2 -1 
average flux density (including background) in erg em sec 
0
-l -4 6 -4 3 -3 0 A were respectively 10 · , 10 · and 10 • for the 
1.9-2.5 i band; lo-3 · 6 , lo- 3 · 1 and lo-2 · 4 for the 3-8 A band; 
lo-3 • 1 , lo-2 · 9 and lo-2 · 3 for the 8-20 i band. These levels 
of flux density are shown in Figure 6 in comparison with the 
0 0 
non-flare XUV spectrum. The 1-8 A and 8-20 A bands together 
contain essentially all of the thermal flare flux shortward 
0 
of 20 A. The thermal flare spectrum falls off so steeply 
0 
below 3 A that only a negligibly small fraction of the flux 
0 0 
shortward of 8 A is shortward of 3 A. 
The UCSD 080-7 experiment observed the soft X-ray 
0 
spectrum shortward of 2.5 A. These observations show that 
this part of the XUV flare spectrum is emitted from plasmas 
7 0 
with temperatures just above 10 K. For our 17 reference 
flares, the minimum, median and maximum temperatures 
observed at thermal X-ray maximum were respectively 1.1 x 107 
0 7 0 7 0 
K, 1.3 x 10 K and 1.7 x 10 K. The results of Tucker and 
Koren . (1971) in Figure 3 show that more than 80% of the 
emission from the flare plasma observed by the UCSD e xperi-
0 
ment is emitted shortward of 25 A. This suggests that the 
0 
bulk of the flare emission shortward of 20 A is emitted from 
the 107 
0 
K plasma. However, in addition to this 107 °K 
plasma, a flare also contains plasma distributed over the 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The distribution of the ratio to Tpredicted to Tobserved 
(Figure 8) shows that the temperatures estimated from the 
0 0 
1-8 A and 8-20 A observations agree with those determined 
0 
from the A < 2.5 A observations usually within 15% and always 
within 45%, and that there is no apparent tendency for 
Tpredicted to be either higher or lower than Tobserved· 
0 
These results indicate that both the A < 2.5 A thermal X-rays 
0 
and the 2.5-20 A thermal X-rays are emitted from the same 
0 
K plasma. 
A further check can be made by comparing the flux short-
0 
ward of 20 A predicted by the OS0-7 observations with the flux 
0 
shortward of 20 A observed by SOLRAD-9. The predicted flux 
values are obtained from the radiative cooling coefficient 
0 0 
curves of Tucker and Koren for the 1.5-8 A and 8-25 A bands 
and the values of temperature and emission measure derived 
from the OS0-7 observations. The comparison of the predicted 
0 0 
and observed fluxes shortward of 20 A at the time of 1.9-2.5 A 
flux maximum in the 11 reference flares is given in Figure 9. 
For the two weakest flares, the observed flux is larger than 
the predicted flux by factors of 5 and 3. This may be a real 
effect, or it may be due only to the difficulty of accurately 
subtracting the background flux in cases of very weak flares 
when only the SOLRAD-9 time plots published in Solar-
Geophysical Data are used, as was done here. In any case, for 
all of the stronger flares the predicted and observed fluxes 
differ by less than 70% with no apparent bias for the 































































































































































































































































































































































































































































































































































































































































































































































































































































































































In this model spectrum, the 8-20 A band contains only 
0 
10% of the total flux shortward of 1027 A, so that there is 
0 
about 8 times more flux longward of 20 A than shortward . 
This would indicate that conduction cooling of the 107 °K 
plasma dominates radiative cooling. However, just how 
typical this spectrum is for actual subflares is, of course, 
highly uncertain. 
Figure ll gives an empirical model XUV spectrum for the 
impulsive component of a subflare. This spectrum was also 
constructed by Donnelly (1976) from combined satellite and 
ionospheric XUV observations of a class l flare. We have 
- 2 
scaled the spectrum so that the total flux is 0.1 erg em 
-l 
sec , the total flux of the spectrum in Figure 10. The ratio 
of the maximum XUV fluxes in the impulsive and thermal 
components is typically of the order of unity (Donnelly, 1976). 
The basic and most firmly established difference between the 
impulsive component spectra and the thermal component spectra 
is that the impulsive spectra are flatter, so that there is 
a much smaller fraction of the total flux shortward of about 
0 
100 A. 
3. Accuracy and Sensitivity Requirements 
Absolute accuracy requirements for the measurements o f 
flare XUV fluxes are similar to those for observations of the 
non-flaring solar atmosphere. The basic aim is to be able to 
e stimate the energy balance of the flare plasma in each of 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































sensitivity would probably allow more than half of the total 
radiative output of the flare to be measured. Thus, 0.1% 
seems to be a reasonable minimum requirement for the 
0 
sensitivity of the XUV monitor longward of 20 A. 
4. Time Resolution 
The UCSD solar X-ray experiment on OS0-7 demonstrated 
that 10 sec time resolution is adequate for observing the 
development of soft X-rays in subflares. On the other hand, 
since the impulsive hard X-ray burst in subflares often lasts 
for only several lO's of seconds, the time resolution of the 
XUV monitor should not be much worse than about 10 sec in 
order to resolve the simultaneous impulsive XUV burst. 
C. SUMMARY OF PERFORMANCE REQUIREMENTS 
The performance requirements considered in the prece ding 
subsections A and B are summarized in Table V. For the most 
part, these are minimum requirements for the acquisition of 
data of value for each scientific use. The sources from 
which most of these requirements were obtained are as follows: 
Aeronomy: 
Constant: 
Zirin et al. (1976), Donnelly (1973); Solar 
Zirin et al. (1976); Solar Atmosphere: Goldberg 
(1967), Kreplin et al. (1976), ~imothy (1976), Heath and 
Wilcox (1974); Flares: this study. 
Table V shows that an XUV monitor which meets the 
































































































































































































































































































































































































































































































































































































































































































































































































































0.1% of the total background flux shortward of 1600 A found 
in this study for observing subflares. The basic design 
question here is whether or not this sensitivity can be 
achieved without imaging. Since the subflares to be observed 
have linear dimensions of the order of 1 arc min, spatial 
resolution of 1 arc min would increase the flare-to-
background flux ratio by more than a factor of 100. This 
0 
would make the 1600-2000 A temperature-minimum band accessible 
with 1 % sensitivity. 
C. COMPATIBILITY WITH THE SMM SATELLITE 
It is currently planned that the Space Shuttle will 
retrieve the Solar Maximum Mission (SMM) satellite for 
refurbishment and improvement. The XUV flux monitor 
considered here would provide very useful data even without 
accompanying observations from the facility class instruments 
on Solar Physics Spacelab. If the XUV monitor were flown on 
a refurbished version of the SMM satellite, it would provide 
long-term coverage of the sun as well as support the Solar 
Physics Spacelab missions. Therefore, consideration should 
be given to designing the XUV monitor to be compatible with 

















































































































































































































































































































































































































































































































































































































































































































































of the flux is emj.tted from a corresponding characteristic 








20-300 A: corona, 1-3 X K 
0 
300-1200 A: chromosphere-corona transition region, 
104 106 
0 












2000-3000 A: photosphere, 5-6 X K. 
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Distribution of the ratio of T d' t d from pre ~c e 
SOLRAD-9 observations to T b d from OS0-7 o serve 
observations for the 11 reference flares. 
0 
Figure 9. Comparison of the flux shortward of 20 A observed 
by SOLRAD-9 to the flux predicted from the OS0-7 
observations for the 11 reference flares. 
Figure 10. Empirical model xuv spectrum for the thermal 
component of the median reference flare. From 
Donnelly (1976). 
Figure 11. Empirical model XUV spectrum for the impulsive 
component of the median reference flare. From 


























































































































ENERGY FLUX IN THE XUV SPECTRUM OF THE NON-FLARING SUN 
A range flux at lAU fraction of solar 
0 
-2 -1 (A) {erg em .. sec ) constant 
1 - 20 8.3 X 10-3 6.1 X 10-9 
20 - 300 1.6 1.2 X 10-6 
300 - 1200 1.6 1.2 X 10-6 
1200 - 1600 9.8 7.2 X 10-6 
1600 - 2000 2.2 X 102 1.6 X 10-4 
2000 - 3000 1.6 X 104 1.2 X 10-2 































































































































































































































































-2 -2 -1 RATIO OF MEDIAN FLARE 1 - 20 A FLUX (1.4 x 10 erg ern sec } 
TO NON-FLARE FLUX 
0 
A. range 1 - 20 A flare flux 
0 
(A) non-flare flux 
1 - 20 1.7 
20 - 300 8.8 X 10-3 
300 - 1200 8.8 X 10-3 
1200 - 1600 1.4 X 10-3 
1600 - 2000 6.4 X 10-S 
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